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We examined the distribution of laminin, type IV col-
lagen, and fibronectin in subepithelial vesicles of oral 
mucous membrane pemphigoid (MMP). Indirect immu-
nofluorescence staining of t hese macromolecules was 
performed on 10 frozen biopsy specimens of oral MMP. 
We found type IV collagen in the connective tissue floor 
and laminin in the epithelial roof of these lesions. Our 
results suggest that the inflammatory injury in oral 
MMP may disrupt the interaction of laminin with type 
IV collagen in the basement membrane zone. 
Mucous membran e pemphigoid (MMP), or cicatricial pem-
phigoid, is a vesiculobullous disease characterized by a chronic 
course, tendency to heal with scarring, and it primarily involves 
mucous membranes a nd less frequen t ly t he sk in. MMP most 
commonly affects t he mucous membranes of the mouth and 
eyes but nasal, esophageal, and genital lesions may occur. Most 
patients with t his disease have a linear pattern of immunoglob-
ulin a nd/or complement deposition in the basement membrane 
zone (BMZ) [1-6]. Less frequently, circulating anti-BMZ a n -
tibodies are demonstrable using indirect immunoflu orescence. 
Basement membranes (BMs) are extracellula r matrices sep-
arating epithelia a nd connective t issues which a re necessary 
fo r epit helial cell differentiation a nd t he maintenance of epi-
t helia l a rchi tecture [7,8]. Fibronectin , larn inin , type IV colla-
gen , and hepa ran sul fate proteoglycan have been shown to be 
common constituents of BMs. Fibronectin is located through-
o u t t he connective t issue and is the major attachment facto r 
fo r fibroblasts to interstitial collagen and BM, type IV collagen 
[9,10]. U lt rastructural studies indicate t hat laminin is in close 
association wit h t he overly ing epithelia, being located in t he 
lamina Iucida in con t rast to type IV coll agen which is in the 
lamina densa [11- 14]. Laminin is a n adhesive glycoprotein 
capable of interacting with cell sur faces [15- 17), type IV col-
lagen (15), and heparin or heparan sulfate (18) . Laminin me-
d iates the attachment of a transformed epithelia l cell line 
(PAM 212) to type IV co llagen but n ot to other collagen 
substrates (15). Preincubation of these epithelial cells with 
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cycloheximide prevented attachment, indicating lam inin was 
produced by the epit helial cells . 
Epidermal-dermal separation by several methods has been 
utilized to simulate various vesicu lobullous diseases. Recently, 
Woodley et al [19] s howed t hat both laminin and type IV 
collagen were located on t he dermal floor of artificially induced 
blisters while another group [20) detected laminin on both the 
roof a nd floor of suction b listers. Our purpose in t h is study was 
to observe t he distribution of BM components lami nin and 
type IV collagen in oral lesions of MMP. Their location in 
clinical lesions could p rovide further insights into t he mecha-
nism of epit helial-connective t issue separation in th is partic-
ular disease. 
MATERIALS AND METHODS 
Patients 
Five-millimeter punch biopsies of peri lesional oral mucosa and intact 
bullae were obtained from 10 patients with oral MMP. The djagnosis 
of MMP was made based upon evidence of epithelial separation from 
connective tissue at the BMZ and the presence of immunoglobulin and 
complement deposition in the BMZ by indirect immunofluorescence 
[6]. Lesions were present on ly in the oral cavity with no skin or ocular 
in volvement. Two biopsies of normal adult oral mucosa were obtained 
from volunteers to serve as control tissue. All t issues were quick-frozen 
in liquid ni trogen and stored at -70"C. The clinical findings are 
summarized in Table I. 
Antibodies and Antisera 
Antibodies to laminin and type IV collagen were provided by Dr. 
George Martin and Dr. Hynda Kleinman (National Institute of Dental 
Resea rch). Laminin and type IV collagen were purified from the En-
glebreth-Holm-Swarm (EHS) tumor and used to prepare specific an-
tibodies to laminin and type IV collagen in rabbits and sheep, respec-
tively. Their specificity has been demonstrated in several previous 
studies [13,21,22]. Antiserum to fibronectin was purchased from Cappel 
Labs (Cochranville, Pennsylvania) . 
In addition, fluorescein isothiocyanate (FfTC) -conjugated goat anti-
sera (Meloy) against human IgG, lgA, fgM, and C'3 were obtained for 
direct immunoflu orescence. T he following conjugated antisera were 
purchased from Cappel Labs for use in the indirect immunofluorescence 
procedure: rhodamine isothiocyanate (RITC)-conjugated goat anti rab-
bit IgG, RITC-conjugated goat antisheep lgG, and FJTC-conjugated 
goat antirabbi t IgG. 
I m.m.unoflu.orescent Technique 
The biopsy specimens were embedded in T issue-TEK fi O.C.T. 
compound (Lab-Tek Products, Naperville, Illinois), cut in to 5-Jlm 
cryostat sections (Slee, South London Electrical Equipment Co., Ltd.), 
and air-dried on formal -gelatin -coated slides. The distribution of lam-
inin, type IV collagen, and fibronectin was examined by classica l 
indirect immunofluorescence. Sections were incubated with dj]uted 
antiserum to laminin (1:20), type IV collagen (1:2), and fibronectin 
(1:100) for 30 min in a humidity chamber at 25"C. Following a 30-min 
rinse in two changes of phosphate-buffered sali ne (PBS), the sections 
were incubated with the appropriate fluorochrome-conjugated anti-
serum (1:10) for 30 min at 25"C. After another 30-min rinse in 2 
changes of PBS, a covers lip was placed along with a PBS:glycerin (1:1) 
mounting solution. Direct immunofluorescence was performed on all 
of the specimens using FITC-conjugated goat antisera against human 
lgG , IgA, lgM, and C'3. For all antisera, normal sera of the same 
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TABLE I. Cicatricial pemphigoid: patient history 
Duration Distribution of involvement Patient Age Sex (mo) Ora l Ocular Cutaneous Other 
1 58 F 6 + 
2 55 F 4 + 
3 61 M 8 + 
4 54 F 6 + 
5 54 F 15 + 
6 58 F 6 + 
7 60 M 9 + 
8 56 F 12 + 
9 65 M 6 + 
10 67 M 6 + 
F IG 1. Indirect immunofluorescence sta ining of subepit helial vesicle 
with tibronectin antiseru m. Fluorescence staining is throughout t he 
con nective tissue. Bar = 10 J.Lm. 
species a nd dilulion served as tech nique co ntro ls. S lides were viewed 
with fluorescence microscopes equ ipped for t ra nsmission (Wild) and 
epi-illumination (Olympus) . 
RESULTS 
Indirect I mmu.nofluorescence 
Fibronectin was identified t hroughout the connective t issue 
and closely approx imated the BMZ in both normal and perile-
sional gingiva. In subepithelial vesicles, fibronectin was always 
present on the connective t issue side of t he les ion (Fig 1) . Type 
IV collagen was present as a linear band of f1u orescence in the 
BMZ of normal control and perilesional oral mucosa. However, 
in areas of vesicle formation, type IV co ll agen was present in 
the floor of the vesicle. In one specimen , type IV collage n was 
located on both the epithelial roof and floor. Laminin was 
present as a linear band in the BMZ of normal and perilesional 
oral mucosa and outlined the basal aspect of epit helia l cells 
separated from the BMZ. This f1uorescence pattern was present 
in the ep ithelia l roof of vesicles with only sporadic staining in 
the floor of t he space (Fig 2). 
Direct Immunofluorescence 
The presence of both immunoglobu lin (IgG) and complement 
(C'3) deposition in the BMZ was observed in 9/10 of the MMP 
specimens wh ile lgM and/or lgA were a lso evident in most of 
the specimens. T he pattern of fluorescence was a linear band 
along the BMZ except in subepithelial vesicles where patchy 
fluorescence was observed on both the roof and floor of the 
ves icle (Fig 3). Direct immunofluorescence findings are sum -
marized in Table II. 
DISCUSSION 
MMP is an uncommon bullous disease characte ri zed by 
vesicles and eventual scar formation. Although t he skin may 
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FIG 2. Indirect immunofluorescence staining with laminin a nd type 
IV collagen a ntibodies. a, Subepithelia l vesicle staining with anti lami-
nin . Linear staining is limi ted to the basal ep ithelial cells. b, The same 
specimen showing type IV collagen staining on the connective tissue 
fl oor of the early vesicle. Bars = 20 11m. 
FIG 3. Direct iummunoflu orescence staining using FITC-conju-
gated antiserum to C'3. Notice t he patchy staining pattern present on 
both the epithelia l roof and floor of the ves icle. Bar= 40 11 m . 
TABLE II. Cicatricial pemphigoid: direct immunofluorescence 
lg 
Patient C3 Fibrinogen 
G A M 
1 + + + + 
2 + + + + 
3 + + + + + 
4 + + 
5 + + + + + 
6 + + + 
7 + + + + 
8 + + 
9 + + 
10 + + + + 
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be affected, the outstanding clinical feature of MMP is the 
involvement of oral and ocu lar mucous membranes [1 ,23]. 
Approximately 80-95 % of patients meeting the clinical criteria 
for MMP have in vivo depos ition of immunoglobulin and/or 
complement in t he BMZ [1 ,6]. Difficulty in differential diag-
nosis by direct immunofluorescence can be encountered in 
diseases associated with a linear pattern of immunoglobulin 
and complement deposi t ion in the BMZ s ince a similar staining 
pattern is seen in bu llous pemphigoid (BP), herpes gestationis 
(HG) and epidermolysis bullosa acquisita (EBA) [24,25]. How-
ever, in our series of patients only oral lesions were present, 
suggesting that a ll of t hese patients had MMP and not some 
other bullous disease. 
In this study we observed that laminin and type IV collagen 
were located at different sites in subepithelial vesicles of oral 
MMP. In other bullous diseases such as EBA, laminin a nd type 
IV collagen codistribute in either the roof or floor of t he blister 
[24,25]. A variety of methods has been utili zed to serve as an 
experimental model of the dermal -epidermal separation ob-
served in BP, EBA, and HG. However, there have been con-
flict ing results with respect to the localization of BM compo-
n ents using these methods. Using a suction blister induction 
method, Saksela et a! [20] observed fibronectin and laminin 
present on both t he epidermal roof and dermal floor of the 
lesion while type IV collagen was present o n only the dermal 
aspect. In contrast, Woodley eta! [19] using 4 different methods 
to induce dermal-epidermal separation observed laminin only 
on the dermal floor of the lesions. 
Presumably , the immunoglobulin and complement distribu-
tion observed by direct immunofluorescence represents immu-
noglobulin bound to the MMP antigen. A patchy distribution 
of immunoglobulins and complement in both vesicle roof and 
f1oor suggests that the MMP antigen is located b etween laminin 
and type IV collagen. Of course, a definitive co nclusion cannot 
be made based upon the techniques used in this study. 
Previous evidence strongly suggests that, both in vitro and 
in vivo, laminin serves as a n adhesive glycoprotein binding 
basal epithelial cells preferentially to type IV collagen [ 15]. 
Preincubation of t hese cells with cycloheximide, an inhibitor 
of protein syn t hesis, prevented cell attachment, indicating that 
the attachment factor is synthes ized by the epithelial ce lls. 
From t he data available in this study t here are severa l 
explanations that cou ld account for our observations. For ex-
ample, laminin-type IV collagen adherence m ay have been 
disrupted. Proteolysis of t he laminin molecule followed by 
compensatory epithelial celllaminin synthesis or disruption of 
binding s ites on the laminin or type IV collagen molecules are 
a ll conceivable mecha nisms. Lamin in is susceptible to several 
proteases including pepsin, t rypsin, and elastase [26,27]. Recent 
work has demonstrated that infiltrating macrophages possess 
degradative enzymes that cou ld cause BM disruption [28]. 
Therefore, a lthough a definitive conclusion regarding the path-
ogenesis of MMP is not possible based upon our observations, 
it does suggest that future work be directed to the functional 
interaction between laminin and type IV collagen in MMP. 
We wish to thank Cici Stewart and Yvonne De Souza for technical 
assistance. 
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